In recent years, surgery for medically refractory temporal lobe epilepsy (TLE) has gained widespread acceptance as an effective treatment. Many groups have reported excellent percentages of success, with 70-90% of patients achieving and maintaining seizure-free status over several years. [1] [2] [3] While the effectiveness of TLE surgery is established with regard to seizure outcome, some concerns have been expressed regarding neuropsychological outcome. In particular, verbal memory functions are considered at risk in patients subjected to dominant temporal resections. In these patients, various degrees of decline in verbal memory functions after surgery have often been reported. [4] [5] [6] Besides side of surgery, other factors such as older age, later onset, better preoperative memory performance, and lower degree of hippocampal anatomical damage have been found to be associated with increased risk of postoperative decline in verbal memory. 4, [7] [8] [9] [10] [11] Given these concerns, many groups have resorted to the routine use of intracarotid amobarbital procedure (IAP) among patients considered for TLE surgery, in order to identify patients at high risk of severe postoperative memory deficit. However, this procedure is invasive, expensive, and time-consuming; also, amobarbital is not available in some countries. For these reasons, some groups, The majority of previous studies of memory outcome after TLE surgery have followed up patients for 1 year or less and have used IAP. 4, 10, [12] [13] [14] [15] Therefore, relatively little is known about the longer term outcome of verbal and visual memory after TLE surgery, particularly among patients who did not undergo IAP. Also, most previous studies performed only a single follow-up assessment and could not examine dynamics over time in memory changes.
In this study, we performed two distinct follow-up assessments, at 1 and 2 years after surgery, in a consecutive sample of patients who underwent anterior temporal lobectomy for medically refractory TLE after a comprehensive presurgical protocol that did not include IAP.
Methods

Setting and participants
The study was performed at the Epilepsy Surgery Unit of the Neurological Institute NEUROMED-IRCCS, located in Pozzilli, a small town in Central Italy. The Unit receives referrals from the whole country, particularly from central and southern Italy.
One hundred and nine consecutive patients evaluated for resective TLE surgery between February 2000 and February 2004 were considered for inclusion in the study. All patients had a neuropsychological assessment as part of a comprehensive noninvasive presurgical diagnostic protocol. As previously described, 3 TLE patients in whom neuropsychological evaluation revealed substantial memory deficits discordant with the side of the epileptogenic zone were barred from surgery. Only four patients had to be excluded based on this criterion. The remaining patients were operated and were scheduled for two follow-up evaluations to be performed 1 and 2 years after surgery. Of the 105 operated patients, four were lost to follow-up; the other patients continued to be followed but did not perform one, or rarely both, follow-up neuropsychological assessment because of organisational issues (N = 16) or because they developed severe medical illness during the follow-up period (N = 3). Therefore, the study sample consists of 82 patients (78% of all eligible patients). There were no significant differences in gender, age, duration of illness, IQ, and seizure outcome (p > .20 for all variables) between participants and patients who could not be included in the study.
Patients gave their written informed consent to the presurgical protocol, the operation, and all subsequent follow-up evaluations. Given that the study included no additional activities beyond those routinely performed as part of the standard care, no formal approval by the local Ethical Committee was needed.
All patients underwent anterior temporal lobectomy, performed by the same surgeon with a standard resection and general anesthesia. The lateral extent of resection was 3-4 cm for leftsided and 4.5-5.5 cm for right-sided resections. The lateral temporal lobe was removed first, then microsurgical resection of the amygdala and en bloc complete excision of the hippocampal formation and parahippocampal gyrus were performed. The removed brain tissue was submitted for pathological examination. After surgery, all patients were maintained on a stable medication regimen; in most cases, two or more antiepileptic drugs were used.
The mean age of the study sample was 34.1 AE 10.3 years, and 43 (52%) were male. All patients scored above the 70% cut-off for righthandedness on the Edinburgh Handedness Inventory (EHI). 16 
Procedure
All patients underwent a non-invasive presurgical protocol described in detail elsewhere. 3 The protocol included: (1) 
Statistical analysis
We used SPSS for Windows, version 13.0 (SPSS Inc., Chicago, IL), for all analyses. All tests were two-tailed, with alpha set at .05. First, a descriptive analysis was used to study the frequency distribution of all variables of interest. Also, Student's t-test was used to analyse differences between patients with left and right TLE in mean preoperative scores on memory tests.
In the subsequent analyses, the following measures of interest were considered: learning capacity (total correct responses over five learning trials) and delayed recall (correct responses following distraction after 15 min) for the RAVLT; immediate and delayed (after 20 min) recall for the SR; immediate and delayed (after 20 min) recall for the ROCF.
Repeated measures analysis was used to examine changes in the measures of interest over the follow-up period. In order to take into account the correlation between verbal and visuospatial memory and between the various memory tests used, repeatedmeasures multivariate analyses of variance (RM-MANOVA) was used to examine the relationship between the main clinical characteristics, i.e., side of TLE and pathology (HS vs. all other lesions), entered as between-subject factors and independent variables, and the scores obtained at each time point on all measures of interest, entered as within-subject factors and dependent variables. Subsequently, significant findings in RM-MANOVA were further investigated with repeated-measures analysis of variance (RM-ANOVA). In these analyses, the Greenhouse-Geisser correction was used to adjust the degrees of freedom for F-tests if the Mauchly's test of sphericity indicated heterogeneity of covariance.
Subsequently, multiple linear regression analysis was used to identify variables associated with neuropsychological outcome 2 years after surgery for each memory test. Prior to regression analysis, Mahalanobis distance was computed to screen for multivariate outliers. Also, outliers in the solution were identified by examining the residual plot. In both cases, the commonly used criterion of p < .001 was used to define outliers. 22 No outliers were found. A total of six regression models, one for each measure of interest, were built. In each model, standardized residual change scores on each measure of interest served as the dependent variable, while baseline scores, gender, age, education, duration of epilepsy, side of TLE, and pathology (HS vs. other lesions) were entered as independent variables. Standardized residual change scores were preferred over raw change scores as a measure of the extent of change in scores on each measure of interest because they are statistically independent of initial levels and allow to control for practice effects and individual variability. 23 To calculate standardized residual change scores, scores at the 2-year followup assessment were regressed on baseline scores, and the regression equation was used to predict scores at the 2-year follow-up assessment from baseline scores; then, the differences between the predicted and observed follow-up scores were divided by the standard error of the estimate from the regression equation.
Given the absence of a control group and the limited reliability of memory tests, in order to avoid overestimation of changes in scores over time and to reliably identify those patients who experienced a substantial decline or improvement over time, we calculated the Reliable Change Index (RCI) 24 over the 2-year period for the RAVLT and the ROCF measures. The RCI accounts for test reliability and regression to the mean and helps identifying those patients whose scores changed sufficiently that the change is unlikely to be due to simple measurement unreliability. For each patient, the RCI was calculated using the following formula: (score after 2 years À presurgical score)/S.D.1 Â H2 Â H1 À r, where S.D.1 is the standard deviation of the presurgical scores and r is the reliability of the measure. A limitation of this approach is that the RCIs were not derived from a nonoperated group. Unfortunately, we had not enough testretest data from nonoperated patients to calculate dependable estimates of reliable change, and we could not rely on published figures for RCIs in nonoperated patients with complex partial seizures because these figures relate to other memory tests. 25 Given the absence of an untreated control group, we conservatively preferred test-retest reliability to internal consistency as the reliability parameter, in order to introduce a sort of historical control and at least partially offset this limitation. 26 In the calculations, we used 0.55 as the reliability coefficient for both tests, based on published figures for the test-retest reliability over a 1-year interval. 27, 28 The threshold for reliable change was set at 1.96 according to a two-tailed criterion for statistical significance.
Results
Before surgery, the only significant side-related difference was a higher score on the delayed RAVLT in patients with right TLE as compared with patients with left TLE (p = . Given RM-MANOVA results, univariate tests of changes over time in each memory test scores was separately performed on patients with LTLE and RTLE. Each RM-ANOVA model included patients with complete data for each memory test. Table 1 summarizes patients' mean raw scores on each measure of interest at the three time points by side of TLE, and describes the results of RM-ANOVA.
In patients with left TLE, 1 year after surgery we observed a decline in scores on all measures of interest, followed by an improvement after 2 years. RM-ANOVA revealed no significant changes over time in the RAVLT learning capacity scores and in both the immediate and delayed SR scores. There were significant changes over time in the immediate and delayed ROCF scores, with a significant increase at the 2-year follow-up assessment as compared with both the presurgical and 1-year follow-up assessments. Scores on the delayed RAVLT also changed significantly over time, with a significant decrease 1 year after surgery, and a subsequent significant increase 1 year later.
In patients with right TLE, scores on most measures of interest were slightly improved 1 year after surgery, with a further distinct improvement for all tests after 2 years. RM-ANOVA revealed significant changes over time in both the learning capacity and delayed RAVLT scores, with a significant increase at the 2-year follow-up assessment as compared with both the presurgical and 1-year follow-up assessments. Scores on the immediate SR also changed significantly over time, with scores at the 2-year followup assessment significantly higher than baseline scores. Scores on the immediate ROCF also significantly changed over time, with a significant increase at the 2-year follow-up assessment as compared with both the presurgical and 1-year follow-up assessments. Scores on the delayed SR followed the same pattern, although the change over time just fell short of statistical significance. While a similar pattern was also observed for the delayed ROCF, the results were not statistically significant.
In multiple regression analysis, right side of TLE was associated with greater improvement in verbal memory. Younger age was associated with greater improvement in visuospatial memory. Male gender was associated with greater improvement in both verbal (SR) and visuospatial (ROCF) memory. Higher education showed a significant association with greater improvement in the delayed SR. No significant association was found between either baseline scores or pathology or duration of epilepsy and the degree of improvement in any measure of interest. The results of multiple regression analysis are described in detail in Table 2 . For each regression model, the table displays R, R 2 , adjusted R 2 , F, and the standardized regression coefficients (Beta). Finally, the examination of RCIs revealed that only a few patients experienced significant changes.
As regards visuospatial memory, no patient showed significant worsening, while three patients (two men and a woman, aged 20-32) showed significant improvement (one on the immediate ROCF, one on the delayed ROCF, and one on both the immediate and delayed ROCF). One had LTLE due to HS, one had lesional RTLE, and the third had RTLE due to HS. All were in Engel class 1a after 2 years. Two of them had upper middle education and scored within 1 S.D. from the mean on the ROCF at the presurgical assessment, the other one had only 8 years of education and scored almost 2 S.D. below the mean on the ROCF at the presurgical assessment.
Regarding verbal memory, three patients (two men and one woman, aged 19-53) showed significant improvement (one on the RAVLT learning capacity, two on both the RAVLT learning capacity and the delayed RAVLT). Two of them had lesional RTLE, the other one had LTLE due to HS. All were in Engel class 1a after 2 years. Two of them scored below between 1 and 1.5 S.D. below the mean on the RAVLT at the presurgical assessment. On the other hand, two female patients with LTLE experienced significant worsening on the RAVLT learning capacity or in the delayed RAVLT. The first, aged 26, with high education, had a brain tumour. The second, aged 52, attended only primary school and had HS. Before surgery, both patients scored more than 2 S.D. above the mean on the RAVLT, and they both were in Engel class 1a after 2 years. 
Discussion
The main finding of this study is that, at variance from the picture emerging from short-term follow-up studies, longer-term memory outcome after TLE surgery seems to be good, as after 2 years memory performance was equal to or better than baseline in most patients. At group level, repeated measures analysis showed that, as compared to baseline, patients with RTLE improved, while patients with LTLE did not worsen. At the individual level, the examination of RCIs revealed that memory did not change substantially over time in most patients, with six patients (four undergoing right-sided surgery) showing significant improvement and only a couple of patients (both undergoing left-sided surgery) showing significant worsening. Pathology was not associated with changes in memory scores.
A limitation of this study is that patients were not administered parallel forms of memory tests at the follow-up assessments. A study on nonoperated patients with complex partial seizures found modest practice effects across the various memory measures after a mean interval of 7 months. 25 Therefore, we cannot rule out that some improvement in the performance of our patients has been due to practice effects. Given the steady increase in performance of RTLE patients, the recovery observed in LTLE patients may have been overestimated. However, practice effects were likely limited, because patients were reassessed at 1-year intervals. In this regard, a study did not detect any improvement in memory scores in nonsurgical patients with TLE who underwent retesting after an interval greater than 11 months. 29 Also, we cannot exclude that some patients may have had bilateral or even aspecific speech dominance. However, such patients were likely very few, because all study participants were right-handed as documented by the EHI. Therefore, it seems unlikely that the memory outcome after surgery has been affected to a substantial degree.
As regards the possible influence of copying ability on the visuospatial memory results, only three patients had preoperative copy scores on the ROCF in the abnormal range, and mean scores did not change substantially over time (data not shown). Hence, it is very unlikely that our findings may have been confounded by copying ability.
Several studies, with a shorter follow-up period, have reported decrements in memory after anterior temporal lobectomy, especially among patients with left TLE. [4] [5] [6] [7] [8] [9] [10] 12, 13, 15 As far as left TLE patients are concerned, our 1-year results are consistent with these previous observations, although only the decline in the delayed RAVLT scores reached statistical significance. However, the extended follow-up period provided a more positive picture of the memory outcome. Two years after surgery, patients with right-sided resection had significantly higher scores compared with the presurgical assessment on all memory tests except the delayed ROCF. Regarding patients with left TLE, 2 years after surgery no significant differences from baseline were observed, except for scores on the immediate and delayed ROCF, which were higher than at baseline and 1-year follow-up assessments.
Overall, our findings are consistent with those of the few studies with a long-term follow-up performed so far. While these studies did report some degree of memory decline in some patients, [30] [31] [32] they also described an improvement in memory over time after an initial decline. 11, 33, 34 Hence, the variability between studies in memory outcomes may be explained, at least in part, by differences in the follow-up length. Likely explanations for this finding of return to baseline or even improvement over time include brain plasticity and successful seizure control. 35 The role of brain plasticity is suggested by the negative relationship between age and improvement in visuospatial memory. While the percentage of patients with seizure recurrences was so low (17%) that we could not include seizure control in regression analyses, a role of complete seizure control in promoting memory improvement is nevertheless suggested by the overall good memory outcome of our patients, most of whom had excellent seizure outcome. Our findings suggest that the longer term memory outcome of patients undergoing anterior temporal lobectomy for TLE may be satisfactory, even without intracarotid amobarbital procedure (IAP). Unfortunately, we do not have outcome data from patients who underwent IAP preoperatively, because the unavailability of sodium amobarbital in Italy prevent us from performing IAP. Hence, we cannot exclude that the memory outcome of patients assessed preoperatively with IAP could have been even better. Nevertheless, recent studies showed that Wada test results add little to the prediction of memory outcome when the results of non-invasive procedures are available, 36 and that memory results on IAP have limited reliability. 37 The drawback of leaving out IAP is that some patients with material-specific memory findings that markedly conflict with anatomo-electro-clinical data, who may nevertheless benefit from the operation, do not receive surgery. However, in our experience such patients with discordant findings are rare, thus only a little minority of patients who may improve with surgery are excluded.
The relatively small change in correct classification rates when Wada memory scores are considered calls into question the benefits of using Wada test results to predict memory outcome when the results of non-invasive procedures are available.
The finding of an association between male gender and greater postoperative improvement is at variance with most previous studies, 15, 33, 38, 39 and thus should be interpreted with caution. It is nevertheless worth mentioning that a similar result has been recently observed also in a large sample of TLE patients who undergone selective amygdalohippocampectomy. 5 Future studies are needed to clarify this matter.
Conclusions
In conclusion, our findings suggest that the longer term memory outcome of TLE patients undergoing ATL without invasive presurgical assessment may be good in most cases. The satisfactory memory outcome observed in this study and the likely role of brain plasticity in memory recovery confirm the importance of the efforts that many clinicians devote to early identification and treatment of patients with TLE who may benefit from surgery. Our findings may also be considered when counseling candidates for epilepsy surgery, their relatives, and their referring healthcare providers on expected outcomes.
